SUMMARY: A description of Nocardia asteroides (Eppinger) Blanchard, based on the examination of 98 strains, is presented and compared with a description of N . brasiliensis (Lindenberg) Castellani and Chalmers, based on 50 strains. Characteristics common to freshly isolated strains, variants of the same strain, and old stock strains are used in the delineation of each species.
RESULTS

Nocardia asteroides (Eppinger) Blanchard
When received, none of the 19 strains had a specific name not initially borne by one or more of the strains first studied (Gordon & Mihm, 1957, Table 2 ); a discussion of their nomenclature need not be repeated.
Microscopic appearance. Cultures of 10 of the 19 strains grown on glycerol agar for 5 days a t 28" showed branching filaments of varying lengths; seven, a mixture of rods and short or long filaments; one, coccoid forms, rods, and short branching filaments; and one, only thin, curved, lightly staining rods, often containing one or two dark granules. Seven of the 19 strains were not acid-fast. The remaining 12 varied from those which showed an occasional acid-fast rod or filament to those in which 5 0 % of organisms retained the carbol fuchsin. In some cultures, only portions of the filaments were acidfast.
Eighteen of the 19 cultures formed loosely filamentous colonies, usually with extensive intertwining substrate (vegetative) hyphae. The colonies of the remaining culture were dense with a halo of short substrate hyphae. Under
Comparison of Nocardia spp. the conditions of the observation of colonial morphology, the substrate hyphae of only four of the 19 strains fragmented into shorter forms. Aerial hyphae were seen on the colonies of all 19 strains, varying from rudimentary to long and branching. Those of some cultures coalesced, while those of others formed many short side branches, often in clusters. The aerial hyphae of two strains segmented into chains of even bead-like spores (Gordon & Mihm, 1958) . Macroscopic appearance. After 14 days of incubation on yeast glucose agar 9-2 R. E. Gordon and J . M . Mihm a t 28', the growth of the 19 cultures varied from thin to abundant, restricted to spreading, flat, finely wrinkled, or warty and heaped-up, beige or peach shading to dark pink. Nine of the cultures were thickly covered with whitish aerial hyphae. The aerial hyphae of six cultures were sparse, while those of the remaining four were invisible to the unaided eye. Table 2 . One of the two strains that did not grow a t 37O was isolated from soil; the source of the second strain is unknown. Two of the nine strains that grew a t 37' but not at 40" were obtained from human infections; five, from soil; and two were received without history of isolation. The following physiological criteria were considered the most important for the separation of strains of N . asteroides from those of other species of Nocardia and those received as streptomycetes : failure to attack casein, tyrosine, or xanthine; inability to form acid from adonitol, arabinose, erythritol, inositol, lactose, maltose, mannitol, a-methyl-D-glucoside, raffinose, sorbitol, or xylose ; and non-utilization of benzoate. For the separation of strains of N . asteroides from senescent strains of all species of aerobic actinomycetes, which rarely give positive results to physiological tests, the following characteristics were used : acid production from glycerol and glucose, and the use of acetate, malate, propionate, pyruvate, and succinate as carbon sources. Variation by a strain from the pattern of these more dependable reactions in only one respect did not hinder its identification as N . asteroides.
Nocardia brasiliensis (Lindenberg) Castellani and Chalmers
The strains received as Actinomyces mexicanus Boyd & Crutchfield (1921) , Nocardia brasiliensis (Lindenberg, 1909) Castellani & Chalmers (1913) , and N . pretoriana Pijper & Pullinger (1927) were believed to agree with their original specific descriptions. The transfer of A . mexicanus and N . pretoriana to the synonymy of N . brasiliensis by Gonz&lez Ochoa (1945) and Gonziilez Ochoa & Sandoval (1956) was confirmed. We were not able to find authority for the assignment of the species mexicanus of Boyd & Crutchfield (1921) to the genus Nocardia. Ota (1928), the authority usually cited, does not mention the species or the report of Boyd & Crutchfield. A search for effective publication of N . mexicana, therefore continues.
Microscopic appearance. After 5 days of growth a t 28' on glycerol agar, 37 of the 50 cultures showed long branching filaments. The remaining 13 cuItures consisted of coccobacilli, short to long rods, and short branching filaments. Nine of the cultures were not acid-fast, and the rest ranged from a few to 100% acid-fast forms. Only portions of the filaments of approximately one-third of the cultures retained the carbol fuchsin.
All but two of the strains assigned to this species formed loosely or densely filamentous colonies or both. The substrate (vegetative) hyphae were usually long, rhizoid, intertwining, and were not observed to fragment. Two of the strains presented dense colonies with compact margins and densely filamentous colonies. All strains produced aerial hyphae that varied from rudimentary to short, straight or gnarled, or long and branching. The aerial hyphae of nearly half of the strains tended to coalesce. Round or irregular masses were scattered throughout the aerial hyphae of nine strains. Sporulation was not observed under the conditions of the examination. It is conceded, however, that failure to produce spores might have been due to the use of media unsuitable for sporulation by these strains. Macroscopic appearance. As with Nocardia asteroides, the appearance of the cultures on yeast glucose agar after 2 weeks of incubation a t 28", was one of the most mutable characteristics of the strains. The growth of some of the cultures was light yellow to yellowish orange, dry, spreading, finely wrinkled, and without aerial hyphae visible to the unaided eye. The growth of these strains might easily be mistaken for that of some mycobacteria. The growth of other cultures was beige to yellowish orange, spreading, thickly coated with whitish aerial hyphae, wrinkled, cracked, and identical in appearance with wltures received as Streptomyces rimosus. The remaining cultures ranged between the two extremes with beige, yellow, or yellowish orange, wrinkled, spreading growth. Some were sparsely covered with aerial hyphae, and a few formed amber to brown soluble pigment.
Physiological characteristics. The reactions of the 50 strains representing Nocardia brasiliensis are listed in Table 2 in comparison with those of N . asteroides. The following properties were deemed the most useful in the separation of strains of N . brasiliensis from those of N . asteroides: decomposition of casein and tyrosine and acid formation from inositol and mannitol. For the division of strains of N . brasitiensis from the strains of the remaining species of Nocardia and from strains received as streptomyces, the following criteria were the most important : failure to decompose xanthine; inability to produce acid from adonitol, arabinose, erythritol, lactose, maltose, a-methyl-D-glucoside, raffinose, rhamnose, sorbitol, or xylose ; and non-utilization of benzoate. Acid formation from glucose and glycerol and the use of acetate, citrate, malate, propionate, pyruvate, and succinate as carbon sources provided positive characteristics in the pattern of reactions of this species. Deviation in one respect from this series of reactions was permitted in the identification of strains as N . brasiliensis.
DISCUSSION
The purpose of this study in seeking to identify old stock strains and variants as well as freshly isolated strains of each species is admittedly different from that of the diagnostic laboratory. Certain criteria which are reliable in the diagnostic laboratory, such as acid-fastness of freshly isolated strains of Nocardia asteroides and N . bradiemis, must be accepted as variable when older strains are considered. Many of the tests and observations used here, on the other hand, require more time than is available to the diagnostician. In spite of the diversity in viewpoint and methods, the conclusions of this study confirm those of Almeida & Lacaz (1941), Gonzhlez Ochoa (1945), Moore, Lane & Gaul (1954) , and others, in the recognition of N . asteroides and N . brasiliensis as two distinct species. 
